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ABSTRACT
There are two major styles of teaching: teacher­
centered and student-centered. The purpose of this study 
was to determine if the method of credentialing influences 
whether a teacher uses more teacher-based or student-based 
instructional methods. Using a Likert scale, teachers were 
asked to rate the emphasis and amount of time spent on 
standards based content objectives, nature of science 
objectives, teacher-centered practices and student-centered 
practices. Nineteen teachers were surveyed using selected 
questions from the 2000 National Survey of Science and 
Mathematics Education. The teachers were divided into two 
groups for comparison: teachers with their degree in 
science and teachers that demonstrated science knowledge 
competency through alternative means. Using a T test, to 
determine statistical significance, and Cohen's d, to 
determine effect size, there was no statistically 
significant difference between the two groups of teachers 
when it came to the amount of time spent on opposing 
strategies. There was also no statistically significant 
difference between the two groups for nature of science 
objectives. The only statistically significant result was 
for science content objectives. Degree teachers tended to 
iii
place more emphasis on content objectives than alternative 
teachers did. Overall there was no relationship between 
the beliefs or instructional practices of teachers and the 
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The science education of today's student is not up to 
par. Science education is overlooked and underfunded 
because of the strong emphasis on math and English in an 
era of high stakes testing.
Students are led to believe science class is 
unimportant, merely a history course with timelines of 
scientific discovery. The National Research Council has 
identified inquiry "as the preferred method of instruction 
within the teaching and professional development sections" 
(Llewellyn, 2005, p. ix) of the National Science Education 
Standards (NSES). Too many science classes have been 
reduced to nothing more than a lesson on rote memorization 
of unconnected science facts and theories. In order to 
fully appreciate science and comprehend the depth and 
complexity of the subject, students must experience science 
as an active process as it is in the real world. "Doing 
science requires more than memorizing lots of content 
facts; it also requires knowledge about the processes 
involved in scientific investigation and knowledge of the 
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processes of science" (Bybee, 2002, p. 20). There is a 
great disconnect between how students view science, what 
students experience in classrooms and what science really 
is and how it is experienced by real scientists. The 
problem is that science has rollercoaster level of prestige 
in the general population (Bybee, 2002). The public does 
not see the connection between learning to dissect a frog 
and a surgeon's skills in the operating room, so it is not 
taught as a process but rather as a set of facts. "Despite 
significant changes throughout society over the last half- 
century, teaching methods in most science classes have 
remained virtually unchanged. Many science students spend 
much of their time memorizing facts and definitions" 
(Krueger and Sutton, 2001, p. 28). It is a shift that 
needs to occur in society before inquiry will truly be 
funded and respected as a worthy subject.
Memorizing facts and definitions is indicative of a 
teacher-centered classroom, whereas group activities such 
as problem solving are evocative of a student-centered 
classroom. Teacher-centered vs. student-centered will 
always be an issue because adults are afraid of giving up 
control. Generally, teachers want to have one student 
talking at a time and only in response to a question asked 
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by the teacher. "This type of interaction serves to 
control not only pupil behavior but also the dissemination 
of knowledge" (Fisher and Larkin, 2008, p. 3-4). In a 
teacher-centered classroom, the teacher is in complete 
control of what is happening in the classroom, although 
sometimes that feeling is all in his or her head.
Generally the teacher-centered classroom is founded on the 
idea that students will sit in rows and quietly work on 
independent seat work or listen to a lengthy lecture and 
quietly take notes. A student-centered classroom is 
generally not quiet and students may be sitting or standing 
in groups working together to solve a problem. In order to 
accomplish a student-centered, inquiry based classroom the 
teacher must give up some control so students can make 
their own decisions and try things out for themselves. 
"Just as one cannot learn to write without being actively 
engaged in the writing process, it is impossible to teach 
scientific thinking without having students engaged in the 
process of doing science" (Krueger and Sutton, 2001, p. 
15). It is based on problem solving within the process of 
doing science.
"Understanding science content is significantly 
enhanced when ideas are anchored to inquiry experiences"
3
(NSTA Board of Directors, 2004). The idea that inquiry is 
the most effective method of instruction for science 
education is not as prevalent among science teachers as it 
should be.
For students to understand inquiry and use it to 
learn science, their teachers need to be well- 
versed in inquiry and inquiry-based methods. Yet 
most teachers have not had opportunities to learn 
science through inquiry or to conduct scientific 
inquiries themselves. Nor do many teachers have 
the understanding and skills they need to use 
inquiry thoughtfully and appropriately in their 
classrooms. (National Research Council, 2000, p. 
87)
Most science teachers teach in the traditional methods 
(i.e. teacher-centered direct instruction) for a variety of 
reasons: Learned science through direct instruction 
throughout their entire science education; are not science 
literate although they teach it, either because they did 
not garner a true understanding of the subject while 
earning their bachelor's degree in science or because their 
bachelor's degree is not in science and the only science 
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courses taken were high school science and maybe some 
introductory college courses. There are many teachers, 
however, who do teach in a student-centered, inquiry 
manner. There are those that have an extensive amount of 
scientific knowledge and that allows them to take chances 
with their students and allows the students to explore. 
There are also those teachers that do not have the 
extensive scientific knowledge but still teach in an 
inquiry based method. So how do these different styles 
emerge? It may be the individual teacher's method of 
credentialing.
In order to obtain a science teaching credential, 
teachers must demonstrate that they are competent and have 
at least a general understanding of the subject they wish 
to teach. There are two methods for demonstrating 
competency: subject matter competency through science 
coursework within a bachelor's degree program and 
competency through passing a test, in this case, the 
California Subject Examinations for Teachers (CSET) in 
science. It is comprised of three subtests - two for 
general science knowledge and one specialty subtest in 
either biology/life science, chemistry, earth and planetary 
science or physics and it allows the person to teach
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general and integrated sciences as well as the specialty 
area.
Context of the Problem
Within the two methods of credentialing there are two 
major styles of teaching allowing for four possible 
categories in which to classify a teacher. Those four 
categories are: the Teacher-Centered Degree Teacher, the 
Student-Centered Degree Teacher, the Teacher-Centered 
Alternative Teacher, and the Student-Centered Alternative 
Teacher.
Teachers that have earned their credential through 
coursework subject matter competency but use mostly book 
work and lecture to teach science are considered to be in 
the Teacher-Centered Degree Teacher category. Although 
these teachers have a wealth of knowledge from their 
degree, they do not necessarily automatically teach science 
in the preferred method, inquiry. Most teachers who have 
earned their bachelor's degree in a science have learned 
science themselves in a mostly direct instruction or very 
teacher-centered manner. "For most teachers, their model 
of scientific practice is based solely on their time in 
school and higher education" (McNally, 2006, p. 430). It 
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is rare to find a bachelor's degree program in the sciences 
that prepares aspiring teachers to teach the subject in an 
inquiry, student-centered manner.
The Student-Centered Degree Teacher category consists 
of teachers that have used their knowledge of nature of 
science to emphasize the process of science. The National 
Research Council has determined inquiry to be the best 
method for learning science. It is most advantageous for a 
teacher to use inquiry when he or she has a depth of 
knowledge that allows him or her to take risks and let the 
students explore. "High-quality science teaching includes 
a deep knowledge of subject matter [and] incorporates 
inquiry as a primary mode of teaching" (Krueger and Sutton, 
2001, p. 29). Teachers that have a depth of understanding, 
instead of a general knowledge, can ask better questions to 
help facilitate students' exploration. The teacher is 
never "just one step ahead" of the students at any time and 
that allows the teacher to educate students more 
effectively.
The third category of science teachers belongs to the 
Teacher-Centered Alternative Teacher. Teachers that do not 
have their degree in science are not necessarily ill 
prepared to teach science, but they are more hesitant to 
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allow students to explore. "One of the most serious 
questions in science education is what science a teacher 
needs to know" (National Research Council, 1996, p. 59). 
Most of these teachers are only one step ahead of the 
students most of the time and exploration may take the 
class to an area that the teacher is unfamiliar with. Most 
people tend to try to overcompensate when they are unsure 
about something but placed in a position of authority. 
Overcompensation for teachers is usually in the form of 
"sage on the stage" where the teacher claims to know 
everything about the subject and lectures or uses book work 
all the time so students will not ask very many questions 
to challenge the perceived, albeit false, authority of the 
teacher. It is not that these teachers are malicious in 
their intent to quash student questioning; they are 
insecure about their own knowledge most of the time but 
feel the need to be all-knowing so that the students will 
either take them seriously or because they want to at least 
give the impression that the students are receiving the 
highest quality education possible.
The fourth category consists of The Student-Centered 
Alternative Teacher. These teachers may not have all the 
answers and may only be one step ahead of the students
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sometimes, but they use it as a learning tool for 
themselves as well as the students. When teachers say that 
they do not know the answer to something but let's find out 
together, students tend to respond in a positive manner. 
Admitting that they do not know everything and modeling 
lifelong learning helps students feel at ease and like they 
are.learning with, not only from, the teacher. These 
teachers work hard to maintain that science is a discovery 
process rather than a set of facts to memorize. Although 
they do not have a degree to refer to, these teachers 
generally study whatever material they can find so that 
they have a depth of understanding and work toward being 
able to guide students more effectively.
Purpose of the Project
The purpose of this project is to determine if the 
method of credentialing influences teacher style as to the 
degree of inquiry used to teach science. Although "inquiry 
has been identified as the preferred method of instruction 
within the teaching and professional development sections 
from the NSES," (Llewellyn, 2005, p. ix) it is still not 
prevalent in classrooms. If there is a correlation between 
how a teacher receives a credential, either earning a
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Bachelor's degree in science or using an alternative form 
of competency such as the California Subject Examination 
for Teachers (CSET), and their teaching style, either 
teacher-centered or student-centered, then there may be a 
movement in the future to recruit more science teacher 
candidates from that manner of credentialing.
This project will sample participants at both the 
middle school and high school levels. Both levels of 
secondary school are included to eliminate grade level as a 
variable. The teachers range in grade level from seventh 
to twelfth. The teachers in this project come from a 
variety of different backgrounds, including teaching 
experience, ethnicity, and gender. The instrument used to 
collect data will be in the form of a survey with a 
Leichardt scale to gauge their responses. Each single 
subject science teacher will receive and complete the 
online survey and respond in relation to their method of 
credentialing and teaching style.
Methodological Limitations
The participants are all from the same school 
district. It. is easiest to reach teachers within the same 
geographic area, so all information comes from a localized 
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area. This does not take into account demographics that 
are unlike this particular school district. All teachers 
surveyed within this project have received either an 
intern, preliminary or clear single subject science 
credential and teach science at the secondary level. This 
district suffers from a shortage of science teachers and 
therefore employs emergency credentialed teachers. They 
have not had formal training in teaching let alone teaching 
such an intricate subject as science. Although there are a 
few science teachers with an emergency credential to teach 
science in this district no emergency credential teachers 
will be considered for this study.
This project does not take into account years of 
experience or enthusiasm for the subject. The study also 
has not examined professional development and willingness 
to continue to learn as new research spurs more effective 
teaching techniques.
Assumptions
For this project, it is assumed that all teachers have 
some knowledge of what they are teaching. To be 
credentialed to teach science, teachers must have 
demonstrated subject matter competency in some form. That 
11
implies that the knowledge demonstrated from either their 
degree in science or passage of the CSET test is enough to 
teach science. In order to complete the survey it is 
assumed from having obtained a credential that all teachers 
know what 'student-centered' and 'teacher-centered' mean. 
All teacher credentialing programs include an education 
psychology course that details different teaching 
strategies including teacher-centered and student-centered 
examples. There is also professional development that 
details the difference between the two methods, and most 
teachers are aware of the method of teaching their 
administration prefers. It is also assumed that all 
teachers want to educate students as best they can. 
Teachers generally do not go into education unless they 
want to help educate students. All teachers are assumed to 
have the students' best interest in mind, being the finest 
education possible.
Definitions
Teacher-centered is a method of educational 
instruction that emphasizes individual seat work, lecture, 
and direct instruction. In science it may also include 
prefabricated labs in which the students simply follow the 
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manual step by step. There is no emphasis on personal 
discovery or solving real life problems. It is marked by 
students working independently, quietly, and sitting in 
rows all facing the front of the classroom.
Student-centered is also a method of education 
instruction, also discussed here as inquiry, that 
emphasizes student led discoveries and working co­
operatively to solve problems. Students are usually 
sitting or standing in groups and the seating chart is 
flexible. Students can generate the inspiration for a lab 
and carry it out with teacher guidance or lab topics can be 
generated by the teacher, but students must design and 
carry out their plan. Student-centered classrooms tend to 
focus on process and application of the subject rather than 
just facts and definitions.
"Inquiry is a multifaceted activity that involves 
making observations; posing questions; examining books and 
other sources of information to see what is already known; 
planning investigations; reviewing what is already known in 
light of experimental evidence; using tools to gather, 
analyze, and interpret data; proposing answers, 
explanations, and predictions; and communicating the 





Teachers enter the profession to educate young minds 
and try to extend the love they feel for their subject to 
their students. Generally, teachers want to educate their 
students in the most effective manner possible; that is why 
people study education and the outcomes of different 
instructional strategies. For science, the focus of what 
is important has shifted over the years and currently rests 
directly on student centered instruction and inquiry 
(National Research Council, 2000).
Inquiry as an Effective Science 
Teaching Strategy
Science teaching has evolved from the "Golden Age" of 
science in the 1950's through curriculum reform with such 
projects as BSCS, PSSC, IPS and a whole host of other 
acronymed projects (Rudolph, 2002), and now the decline in 
the emphasis placed on science in education in certain 
states due to the focus on testing as emphasized by the 
California Department of Education Information Guide on 
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2008 Growth API Documentation. In California, where this 
study took place, the high school exit exam does not 
include science (California Department of Education, 2008). 
According to the California Department of Education (CDE), 
the Science California Standards Test is only counted 
toward six percent on average for elementary schools and 
only seven percent for middle schools toward their overall 
Academic Performance Index (API) score. English-Language 
Arts rates a whopping fifty three percent in elementary and 
forty eight percent in middle school. High school does 
rank science higher with science comprising nineteen 
percent of the school's API score, but English-Language 
Arts still ranks higher comprising twenty-nine percent of a 
school's API score (California Department of Education, 
2008). In the school district affected by this study, at 
least one middle school has stopped teaching science 
altogether to students that do not score at least 
proficient or advanced on the math and English-Language 
arts tests. This is just one example of how, due to the 
emphasis on testing in California education, science is not 
being valued as highly as other subjects, such as English- 
Language Arts.
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Although science education has been laden with 
controversies over which is the best method of instruction, 
inquiry has come to the forefront of science education 
research with the publication of the National Science 
Education Standards (NSES) in 1996.
The debate about whether to emphasize content or 
process in school science has subsided in favor 
of the role of inquiry in supporting the 
construction of conceptual understanding. 
National and local jurisdictions have recommended 
that science education programs be inquiry-based. 
(Rowell, 2004, p. 915)
There has been a shift in the science education community.
Traditional teaching methods which emphasize definition 
regurgitation and fact recitation are no longer sufficient 
to educate students about scientific inquiry, which is all 
about the process of understanding our natural world 
through questioning, observation and investigation 
(National Research Council, 1996). More teachers are 
beginning to use new methods and trying to provide their 
students with experiences of science, not just textbooks. 
John Payne (2004), president of Bayer HealthCare LLC and 
chairman of Bayer's Making Science Make Sense Program, 
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conducted research which established that "78 percent of 
new teachers say they use inquiry-based science teaching 
most often in their classrooms. (Ten years ago, in the 
first Bayer Facts survey, only 63 percent of...teachers 
reported using inquiry-based methods.)" The movement, 
especially for new teachers, is towards student-centered 
teaching where the role of the teacher is to facilitate 
student learning instead of disseminating information and 
hoping students will learn it. Although many teachers 
think that having students complete worksheets in groups is 
a student-centered practice, there is a distinction between 
student group work and student-centered practices. "In 
order to develop scientific thinking skills, students must 
go beyond learning disconnected facts or simply doing a 
hands-on activity" (Krueger and Sutton, 2001, p. 14) . 
Sometimes teachers who think they are engaging in student­
centered practices are actually only doing mindless group 
activities that have no real basis for learning and are 
just a break between lectures and book work.
"Inquiry has been identified as the preferred method 
of instruction within the teaching and professional 
development sections from the NSES" (Llewellyn, 2005, p. 
ix). Research (McDermott & Redish, 1999; Wieman, 2006;
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National Research Council, 2000) has shown inquiry to be 
the more effective method of science education for student 
comprehension than traditional teaching methods. In order 
to understand difficult science content it is important for 
students to have something concrete to link an abstract 
concept to. Inquiry emphasizes that students should 
experience the science before they ever learn the abstract 
language associated with the concepts. The National 
Science Teachers' Association (NSTA) advocates that 
understanding of science concepts is drastically improved 
when students have a chance to anchor those ideas to 
scientific experiences (2004). Inquiry is a form of 
student-centered teaching that gives students a chance to 
experience the science before they link it to academic 
language. When students have an experience to associate 
with the vocabulary they have a tendency to understand that 
concept with a greater degree of comprehension.
"Students who use inquiry to learn science engage in 
many of the same activities and thinking processes used by 
scientists who are seeking to expand human knowledge of the 
natural world" (National Research Council, 2000, p. 1). 
Students work co-operatively and use higher order thinking 
skills to solve problems when challenged with an inquiry 
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style curriculum (National Research Council, 2000). 
Students are required to engage in authentic learning and 
self-assessment which fosters both a deeper understanding 
of the material and a broader sense of the nature of 
science. "Inquiry requires identification of assumptions, 
use of critical and logical thinking, and consideration of 
alternative explanations" (National Research Council, 1996, 
p. 23).
Students generally believe that the textbooks in their 
classrooms contain all the answers to every question in 
science, but through inquiry they are exposed to the idea 
that science constantly changes. One of the most difficult 
concepts to make students understand about science is that 
it is not complete - there is more to learn and that 
neither their teacher nor scientists know the answers to 
all the questions. Classrooms that use inquiry allow 
students to experience science as scientists in the real 
world experience it, as a process. "Doing science requires 
more than memorizing lots of content facts; it also 
requires knowledge about the processes involved in 
scientific investigation and knowledge of the processes of 
science" (Bybee, 2002, p. 20). In order to fully 
understand science as a process rather than a set of facts, 
19
students must learn the proper way to engage in the process 
of science.
Students must be allowed to make mistakes in their 
learning and to refine their understanding based on new 
evidence or new observations just as scientists do. 
Without students being allowed to write and use their own 
procedures in a lab situation, students will never 
understand how science works. Too many students think that 
doing science means following a set of lab procedures step 
by step and not making any mistakes or deviating from the 
script. "Just as one cannot learn to write without being 
actively engaged in the writing process, it is impossible 
to teach scientific thinking without having students 
engaged in the process of doing science" (Krueger and 
Sutton, 2001, p. 15). Although a step by step cookie 
cutter lab is a hands-on activity, it is by no means 
student centered, let alone inquiry. Teachers that solely 
use prewritten labs that students blindly follow are not 
engaging their students in any kind of learning, and the 
only assessment that is going on is if students can follow 
directions without making any mistakes and get the exact 
predetermined result.
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Research (Kreuger and Sutton, 2001; National Research 
Council, 2000; Bybee, 2002) has shown inquiry and student 
centered strategies to be beneficial, and yet many teachers 
reject inquiry as a valid method of teaching.
Despite significant changes throughout society 
over the last half-century, teaching methods in 
most science classes have remained virtually 
unchanged. Many science students spend much of 
their time memorizing facts and definitions. 
(Krueger and Sutton, 2001, p. 28)
Many teachers have not made the shift from traditional, 
teacher-centered teaching practices to current, student­
centered strategies. Some go so far as to encourage new 
teachers to stay away from inquiry or even chastise other 
teachers for their lack of classroom control during a lab 
simply because students are engaged in conversation with 
each other about the best way to solve the problem at hand 
instead of quietly following the lab manual script step by 
step. "The actions of teachers are deeply influenced by 
their perceptions of science as an enterprise and as a 
subject to be taught and learned. All teachers of science 
have implicit and explicit beliefs about science, learning, 
and teaching" (National Research Council, 1996, p. 28).
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Teachers use the strategies that they are comfortable with 
and have experienced as students. Most teachers have had 
sixteen years of teacher-centered direct instruction for 
most subjects, including science. How, then, do we expect 
teachers to overcome their experiences and teach in a more 
student-centered manner? "Becoming an effective science 
teacher is a continuous process that stretches across the 
life of a teacher, from his or her undergraduate years to 
the end of a professional career" (National Research 
Council, 1996, p. 55). Teachers form their attitudes and 
beliefs about teaching during their own education. So 
where is the soft spot in their education; the time during 
which they form these ideas about their teaching methods 
and strategies? If that can be pinpointed, maybe future 
teachers could be influenced to take advantage of the 
benefits of a student-centered method of teaching.
The Teacher-Centered Degree Teacher
A deep understanding of the subject is the foundation 
on which good teaching is built. Understanding science, 
however, is not enough to be able to teach it well if the 
teacher does not understand or employ the methods which 
cultivate student learning. If teachers are there to 
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educate students, why would any teacher not utilize 
strategies proven to be effective and continue using 
practices that are guaranteed to either fail or be largely 
unsuccessful? "Researchers have discovered several key 
factors that influence an educator's practice. Research 
shows that teachers teach the way they were taught" (Withee 
and Lindell, 2006, p. 125). Is it the educational 
upbringing of the teachers that dictates their teaching 
methods and style? Do teachers have no choice but to 
follow in the footsteps of their teachers?
According to McNally (2006), teachers base their ideas 
of what the scientific process is, and how to teach it, 
solely on their time in both high school and at the 
university level. They are so influenced by their own 
experience that they either want to replicate it in their 
own classrooms or have no idea how to teach the process of 
science they themselves never engaged in. They have all 
the content knowledge, but having never authentically 
engaged in the process they cannot and do not understand 
how to go about creating an authentic science experience 
for their own students.
Prospective and practicing teachers of science 
acquire much of their formal knowledge through 
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coursework in colleges and universities. For all 
teachers, undergraduate science courses are a 
major factor in defining what science content is 
learned. Those courses also provide models for 
how science should be taught. (National Research 
Council, 1996, p. 60-61)
Science content is learned, perhaps to the detriment of the 
scientific process.
The idea that science is nothing more than following 
cookbook lab procedures and ascertaining the predetermined 
desired results is engrained in students in both high 
school and at the university level. Students are taught 
not to question the procedure or ever deviate from it. If 
inquiry learning is accepted and promoted by the National 
Science Teachers Association (NSTA), why then is that 
teaching method not being used in the universities where 
future science teachers learn both the science content and 
see the model for teaching that content?
For students to understand inquiry and use it to 
learn science, their teachers need to be well- 
versed in inquiry and inquiry-based methods. Yet 
most teachers have not had opportunities to learn 
science through inquiry or to conduct scientific 
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inquiries themselves. Nor do many teachers have 
the understanding and skills they need to use 
inquiry thoughtfully and appropriately in their 
classrooms. (National Research Council, 2000, p. 
87)
For the most part, teachers are apprehensive to try a 
method that they have neither seen nor experienced for 
themselves. This leaves teachers with only their content 
knowledge, specifically facts of the subject, to rely on. 
"With little or no experience of doing science themselves, 
or even having contact with working scientists, many 
teachers' working knowledge of science is somewhat hollow" 
(McNally, 2006, p. 430). It is difficult to communicate 
the nature of science to students when the teacher does not 
have a complete understanding of the processes of science, 
even though he or she may have a wealth of knowledge 
concerning the content facts.
Although degree teachers have a depth of understanding 
of the subject, this can actually work against teachers if 
they are unwilling to supplement their content knowledge 
with educational pedagogy. Teachers that rely solely on 
their knowledge of the subject are usually unable to teach 
that content in a meaningful way to the students.
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Teacher content knowledge alone is not enough to 
ensure effective teaching. Many studies indicate 
that teaching strategies used in the classroom 
also play an important role in improving student 
achievement. These studies consistently show 
that the quality of teaching is influenced by a 
teacher's content background and use of effective 
pedagogy. (Krueger and Sutton, 2001, p. 26)
Just because someone knows everything there is to know 
about a particular subject, that does not make them an 
effective teacher. Many degree teachers focus so much on 
lecturing and disseminating information that they forget to 
be concerned about the learning, or lack of learning taking 
place in their classrooms. It is not completely their 
fault, as they are the result of a system that perpetuates 
the 'if it was good enough for us it should be good enough 
for them' idea. These teachers have been successful in the 
lecture based classroom and find no reason to change it for 
their students. "Strong teacher content knowledge alone 
does not change student knowledge" (Krueger and Sutton, 
2001, p. 28). Although these teachers are very 
knowledgeable, it is unreasonable to think that effective 
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teaching is based solely on that, or that teachers do not 
need to be concerned about pedagogy.
McNally (2006) published a study that looked at the 
length of time teachers had taught and how that influenced 
their methods of teaching. Teachers that had a wealth of 
content knowledge were polarized after many years of 
teaching. Some teachers hardened their attitude against 
trying new strategies, such as inquiry, due to lack of time 
and resources as well as student apathy and plain ignorance 
of the method, while others took their experience and 
understanding to allow them to take risks with their 
teaching and try methods they had never used before. It is 
the unwilling spirit of most teacher centered degree 
teachers that prevents them from being effective.
The Student-Centered Degree Teacher
Knowledge of the subject is one of the most important 
things for a teacher to have. Without content knowledge, 
teachers flounder to stay one step ahead of the students 
they teach. Teachers that have an extensive library of 
knowledge they can draw upon can use it appropriately to 
engage students in learning through questioning techniques 
that lead students, in a covert manner, to the concept so 
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students can construct their own meaning. Students are 
more likely to have a better understanding of the subject 
and higher student achievement with this method of 
questioning.
A study of the relationship between teacher 
quality and student achievement indicates, that 
teachers with more content knowledge are better 
at seeking information from students through 
questioning and discussion than teachers with 
less content knowledge. (Krueger and Sutton, 
2001, p. 26)
Students are also more likely to engage in authentic 
learning and problem solving with teachers that have 
extensive content knowledge. Students that engage in real 
life problem solving that uses their higher order thinking 
skills will most likely enjoy learning more than students 
who listen to lectures, write notes and complete worksheets 
on a daily basis.
Research done by Krueger and Sutton (2001) shows "a 
positive correlation between the number of science courses 
taken by teachers and the extent to which their students 
report liking science." Students enjoy the subject when 
teachers are adept at making it understandable and 
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meaningful. It is important to point out that a 
concentration on facts instead of process and lecture or 
worksheet based teaching is usually neither understandable 
nor meaningful. It must, according to the National 
Research Council (2000), have an element of inquiry for it 
to be meaningful. Teachers must shift from using their 
content knowledge in a static way (i.e. lecture) to a more 
flexible manner in order to facilitate student inquiry.
This kind of inquiry or experiential learning 
involves a shift from fact-intensive, textbook­
based, lecture-driven science to idea-intensive, 
experiment-based science learning through project 
teamwork that is overseen and orchestrated by a 
skilled professional science teacher well 
schooled in and comfortable with science.
(Payne, 2004, p. 34)
There is no doubt that teachers with extensive content 
knowledge are better equipped to ask questions, answer 
questions and support student learning. "Teachers expert 
in science content notice meaningful patterns of 
information, are able to apply their knowledge, and can 
easily retrieve important aspects of their knowledge" 
(Krueger and Sutton, 2001, p. 26). The one thing that 
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differs between the two types of degree teachers is their 
approach to what learning is. Teacher centered teachers 
focus on facts and science content whereas student centered 
teachers concentrate on pedagogy to enhance student 
learning.
Student centered degree teachers have both the 
knowledge and the pedagogical skills to impact student 
learning in a meaningful way.
Excellent teachers inspire young people to 
develop analytical and problem-solving skills, 
the ability to interpret information and 
communicate what they learn, and ultimately to 
master conceptual understanding. Simply stated, 
teachers are the key to improving student 
performance. (Committee on Science, Engineering, 
and Public Policy, 2006, p. 113)
Simply lecturing about the content is not enough to ensure 
student learning; students must experience inquiry and 
engage in problem solving, critical thinking and analysis 
of the connections between scientific evidence and accepted 
theories and models of science (National Research Council,
2000).  Student centered degree teachers understand this 
and therefore implement proven strategies and try new
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methods to ensure their students learn both the content and 
the process. Although the research (Krueger and Sutton,
2001) indicates that knowing the science is extremely 
important, it isn't enough to be an effective teacher.
Three components influence student achievement: 
teacher characteristics (e.g., educational 
background, years of experience), professional 
development (e.g., training to support classroom 
practices.), and classroom practices (e.g., small- 
group instruction or hands-on learning). The 
greatest role is played by classroom practices. 
(Krueger and Sutton, 2001, p. 28)
Pedagogy is an exceedingly important component in an 
effective teacher's arsenal to enhance and improve student 
learning. How students learn effects what students learn.
Teachers that have a profound understanding of both 
the science content and research based pedagogy are among 
the most effective teachers. "High-quality science 
teaching includes a deep knowledge of subject matter [and] 
incorporates inquiry as a primary mode of teaching" 
(Krueger and Sutton, 2001, p. 29). Teaching science is 
more than disseminating information about vocabulary words 
and facts of the science. Teachers with content knowledge 
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and some strategies beyond lecture and worksheets are still 
not as effective as they could be. It takes deep content 
knowledge and a wealth of student centered strategies, and 
student centered degree teachers are the ones who fit that 
profile. The National Research Council (1996) says that 
"skilled teachers of science have special understandings 
and abilities that integrate their knowledge of science 
content, curriculum, learning, teaching, and students" 
(National Research Council, 1996, p. 62). Effective 
teachers have moved away from the teacher centered approach 
to a student centered method that focuses on problem 
solving and the scientific method.
Teachers that have experienced inquiry either as. a 
student or as a scientist in the lab or field are more 
likely to teach science as a process rather than as a 
static set of facts.
The primary purpose of science education is to 
prepare future citizens for informed decision 
making... The emphasis of instruction in science 
classrooms should be on the future (using science 
for solving society's dilemmas), not on the past 
(science taught as a history of the discipline). 
(Krueger and Sutton, 2001, p. v)
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Teacher centered degree teachers know that the history of 
science is important to teach in order to reveal the ever 
changing nature of science, but they focus on the process, 
not just the outcome. That is what makes all the 
difference.
The Teacher-Centered Alternative Teacher
Teaching science sometimes comes as a means to an end.
There are more open positions for science teachers than 
there are science teachers to fill them. Some teachers 
begin in science, obtaining their science credential 
through passage of the California Subject Examinations for 
Teachers (CSET), but in the end really want to teach 
another subject that is limited in open positions, like 
physical education. Many kinesiology degrees have a basic 
understanding of biology, chemistry, physics and other 
sciences so they begin first with science, because schools 
are desperate to fill those positions, but do not spend the 
time required to deeply understand the subject matter nor 
the process of science. "Teachers with superficial science 
content understanding often emphasize memorization of 
isolated facts, rely too much on textbooks, and are unable 
to help students make connections among concepts" (Krueger 
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and Sutton, 2001, p. 26). There is little or no chance 
that the new science teacher will put forth the time and 
energy to help their students understand science as more 
than a set of facts when they are not invested in the 
subject or the students they teach (Foote, Vermette, 
Wisniewski, Agnello, & Pagano, 2000).
"One of the most serious questions in science 
education is what science a teacher needs to know" 
(National Research Council, 1996, p. 59). Do science 
teachers need an extensive background in the subject matter 
they teach, or is a general familiarity enough? Content 
knowledge is key when teaching complex concepts in the 
sciences. Without a thorough understanding of the big 
picture, teachers cannot accurately answer student 
questions or facilitate student inquiry. "For... teachers 
with general certification, undergraduate introductory 
science courses often are the only science courses often 
are the only science courses taken" (National Research 
Council, 1996, p. 60-61). An introduction to biology, 
chemistry, or physics is not sufficient background to 
answer questions as to how natural phenomena happen or why 
things happen the way they do. When explaining the 
complexities of science, students need a teacher that can 
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extend the learning through analogies and metaphors to make 
abstract concepts more concrete. That usually cannot 
happen with a teacher that has little more than high school 
science in their background. The reality is that "middle 
and high school mathematics and science teachers are more 
likely than not to teach outside their own fields of study" 
(Committee on Science, Engineering, and Public Policy, 
2006, p. 113). It is an unfortunate state for education 
when students are taught complex concepts through the 
flawed understanding of their teacher.
"In modern societies most of the populace needs to 
have complex problem solving skills and an understanding of 
science and technology" (Wieman, 2006, 19). Science is one 
of the most important basics in education for success in 
the future, and yet it is allowed to be taught incompletely 
and incorrectly. There are far too few science teachers to 
fill all of the open positions so the education system 
takes teachers with science credentials, although their 
degree is in an entirely different subject, to fill the 
open positions (Committee on Science, Engineering, and 
Public Policy, 2006). The non-degree science credential 
teachers may or may not know actual science content enough 
to each it. The rationale is that someone with a 
35
credential in science, despite their actual understanding 
of it or knowledge of pedagogy to support learning, is 
better than a non-credentialed long term substitute 
teacher. That may be true, but it is still not good 
enough. "A US high school student has a 70% likelihood of 
being taught English by a teacher with a degree in English 
but about a 40% chance of studying chemistry with a teacher 
who was a chemistry major" (Committee on Science, 
Engineering, and Public Policy, 2006, p. 113). Not only 
are most science teachers not sufficiently prepared to 
teach the content facts of the subject, they are also not 
equipped to demonstrate and facilitate the processes of 
science. Many teachers do not have the content or 
pedagogical knowledge to teach science in an understandable 
and meaningful way (Foote et al., 2000).
According to a study by physics professor Carl Wieman 
(2006) presented at the International Conference on Atomic 
Physics, students learn less than thirty percent of what is 
presented to them in lecture. He also found that "typical 
students in the traditionally taught course are learning 
rote memorization of facts and recipes for problem solving; 
they are not gaining true understanding" (Wieman, 2006, 
21). Wieman discovered that in addition to students not 
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understanding the big concepts, they are also not aware of 
the relevance of science to the real world. Teachers that 
are teacher centered do not use problem solving inquiry 
lessons that relate science to the real world. For some it 
is because of their lack of understanding of the science 
behind the problems being investigated, but for others it 
is due to lack of interest or ability to invest the time 
and energy into learning how to facilitate an inquiry 
approach with their students. "Many teachers aren’t 
sufficiently trained to conduct open-ended, inquiry-based 
labs, for one, and few have the time and resources needed 
to go beyond the cookbook approach" (Bhattacharjee, 2005, 
p. 224). Because these teachers are not trained in either 
content or pedagogy, there is no model for them to 
implement or try to exemplify.
Teachers that do not have the science degree behind 
them cannot even rely on the credentialing classes to help 
them develop high-quality science teaching strategies.
When pedagogy and content are taught separately, 
they are seldom integrated. An ideal course for 
prospective teachers integrates the subject 
content with effective ways of teaching that 
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content, the goal being to develop pedagogical 
content knowledge. (Bybee, 2002, p. 19)
It is often the case that teachers that have demonstrated 
'content knowledge' through passing the CSET have no one to 
turn to when faced with their lack of understanding. 
According to Bybee (2002), professional development rarely 
includes subject matter content, so even in the instance 
that alternative teachers want to better themselves through 
professional development they cannot. Professional 
development that does not focus on strategies specifically 
designed for science content cannot substitute for going 
through the process of obtaining a science degree and all 
the knowledge and understanding that comes with that.
The Student-Centered Alternative Teacher
In their study on the Significance of individuals' 
dispositions in workplace learning, in the Journal of 
Education and Work, Hodkinson and Hodkinson (2004) contend 
that it is "individual dispositions that make some teachers 
more inclined to perceive and act on opportunities within 
their classrooms" (as cited in McNally, 2006, p. 430-431). 
Student centered alternative teachers generally are the 
teachers more inclined to undertake the task of lifelong 
38
learning in the interests of their students. Many of these 
teachers do not have the science degree background but 
continually push themselves to never be just one step ahead 
of the students they teach. Some of these teachers move 
toward student centered practices because they, themselves 
did not like science in school because it was direct 
instruction or the book work never seemed to make the 
concepts understandable. Now that they have the 
opportunity to teach some of those same concepts they are 
not going to have their students feel the same way.
Given the absence of a background as a working 
scientist, it may be that those teachers who 
successfully nurture investigative activity have 
come to do so through experiential learning in 
their own classrooms or, perhaps even more 
widely, as a consequence of their own particular 
biography. (McNally, 2006, p. 430)
Student centered ALTERNATIVE teachers have a variety 
of reasons for teaching in that manner, not the least of 
which is being able to understand and implement the 
strategies that facilitate student learning. "This special 
knowledge, called 'pedagogical content knowledge,' 
distinguishes the science knowledge of teachers from that
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of scientists. It is one element that defines a 
professional teacher of science" (National Research 
Council, 1996, p. 62). Student centered alternative 
teachers tend to seek out and learn the strategies that 
will help them become highly qualified, effective teachers.
These teachers tend to gravitate more toward student 
centered practices because of teacher induction or support 
programs focused on the importance of inquiry. "The 
beliefs of beginning secondary science teachers can be 
impacted by subject-specific induction programs" (Luft and 
Roehrig, 2007, p. 48). New teachers are able to style 
their methods after the examples and models they see in 
their credentialing courses and induction programs. Even 
if new teachers begin as a traditional, lecture based 
teachers they can change their views and become more 
student centered in their teaching. It is because these 
teachers are open to change and new ideas that they can 
branch out and try different strategies more often than 
teachers that are set in their ways. "Beginning secondary 
science teachers' beliefs are more likely to change than 
those of their experienced peers" {Luft and Roehrig, 2007, 
p. 48). Student centered alternative teachers have no 
'ways' to be set in. Although these teachers do not have
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the in depth understanding of the subject that comes from a 
degree program, they have the kind of understanding about 
students and education that allows them to be great 
teachers.
A study conducted by Mary Kennedy (1990), Professor in 
the department of teacher education at Michigan State 
University and Director of the National Center for Research 
on Teacher Education at the time of the study, found that 
teachers who hold a bachelor's degree in a particular 
subject still may not be able to explain the concepts of 
that subject with the understandability required by 
students. Some teachers that hold science degrees have so 
much knowledge about the way particular phenomena happen, 
or why they happen, that it bogs down their explanations of 
that concept. Sometimes degree teachers know too much to 
be able to explain it for introductory courses, whereas a 
teacher rich in pedagogical knowledge but light on 
specialized conceptual knowledge may be able to explain the 
idea more clearly to beginning students and do so in an 
interesting manner. "Expertise in a discipline is a 
necessary, but not sufficient, condition for teaching a 
discipline" (Bybee, 2002, p. 15). Pedagogical knowledge is 
imperative to teach students just the amount of information 
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they need to know in a method that will ensure student 
learning. Teachers also need to understand where students 
may falter in their understanding - most of the time it 
will be the same concept that the teacher misunderstood 
when he or she learned it.
Mary Kennedy (1998) talks about teaching and learning 
with a powerful metaphor about being able to give 
directions to the grocery store; someone may know where the 
store is but be unable to give accurate directions. The 
same is true in teaching. Just as the person giving 
direction must not only know the directions to the store, 
he or she must also know to give landmarks along the way 
and foresee the places where the driver may get confused or 
lost, a teacher must be "explicitly aware of how... knowledge 
is organized and be aware of the details that [the student 
is] likely not to know" (Kennedy, 1998, p. 258). Teachers 
that have a strong grasp on the introductory principles may 
not be able to answer all the questions about specialized 
topics in the subject but it is likely that he or she will 
be able to lead students through the material concisely. 
For example, going back to Kennedy's metaphor, if a city 
planner were to give directions he or she may be tempted to 
give multiple routes just because he or she knows them,
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whereas someone new to the community would only know one 
route and probably knows it well since that is the only 
route he or she takes. Teachers are the same, and while 
having depth and breadth of knowledge is always preferable 
to shallow knowledge, it does not preclude these teachers 
from being effective, even excellent with time.
Assessment of Teacher Beliefs and Practices
This study focused on the four categories of teachers 
based on teacher beliefs and instructional strategies. A 
major study of teacher beliefs and practices, completed by 
Horizon Research, Inc. (HRI), was the starting point for 
this project. HRI's study was completed over four 
different time periods, 1977, 1985-86, 1993 and 2000, to 
determine the change in trends for the science and 
mathematics teaching profession. This study used questions 
from the 2000 instrument.
The HRI survey included 1800 schools across the United 
States, including the District of Columbia. HRI organized 
the input by categorizing the schools and teachers into 
strata. Of the surveyed schools, 940 were part of stratum 
1: including any school with grades 10, 11, or 12; 430 of 
the schools were included in stratum 2: schools not 
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included in stratum 1 but that do not have any grades lower 
than 5; and 430 of the schools were part of stratum 3: any 
other school, not including kindergarten only schools, 
adult education, special day schools, vocational or 
technical schools, and special education only schools. 
Both public and private schools were included in this 
study. They also used secondary strata to further 
subdivide the population into rural, suburban and urban 
schools as well as regions of the country: midwest, 
northeast, south, and west.
Teachers were selected based on different stratum as 
well. Three strata were created to be sure an inordinate 
number of lower science and mathematics education teachers 
would not be overrepresented. Teachers from schools within 
the school stratum 1 were subdivided into 5 teacher strata: 
physics/ chemistry with or without other science, no 
mathematics; advanced mathematics with or without other 
mathematics, no science; other science only; other 
mathematics only; and any combination of mathematics and 
science. Teachers from schools representative of school 
stratums 2 and 3 were subdivided into 2 teacher stratums: 
science and mathematics. Stratum 1 consisted of 4700 
teachers, 2150 teachers were part of stratum 2, and 2150 
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teachers were part of stratum 3. Because there are fewer 
teachers in the advanced science and mathematics courses, 
those teachers were overrepresented in the survey.
Conclusion
The four categories teachers fall into all exist in 
the real world of education. They have conformed to the 
ideas and values of their chosen category through years of 
observations of education around them and firsthand 
experience of what works for them in their classrooms. 
There are categories that are less desirable than others 
for proponents of inquiry and others that excel in their 
field due to great understanding of the content and the way 
students learn. Teachers that subscribe to this way of 
teaching implement research based strategies that the 
National Science Teachers Association promotes to support 
student learning. In the end, teachers exist to further 
the education of a country's youth and instill in them the 
beliefs and values of a particular way of thinking.
The method by which one teaches a subject itself 
conveys important information to students about 
the subject matter. How a subject is taught tells 
students whether the subject is interesting or 
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boring, debatable or authoritative, clear or 
fuzzy, applied or theoretical, relevant or 
irrelevant, and challenging or routine.
(Kennedy, 1998, p. 252)
For science educators, the beliefs and values promoted 
through the way science is presented are the nature and 
processes of science and the methods by which science 
changes over time. For this reason it is important that 
teachers of science endorse that way of thinking. "Even if 
teachers had an acceptable understanding of the nature of 
knowledge in science or mathematics, we might still not be 
satisfied unless they demonstrated a certain respectful 
attitude toward that work" (Kennedy, 1998, p. 260)
Whether teachers have science degrees or demonstrated 
subject matter competency through an alternative method, 
such as the CSET or obtaining a supplemental credential, it 
is their responsibility to teach in the most effective 
method possible to give their students the education they 
deserve. It is not until teachers believe in what they 
teach, its nature and its structure, that there will be a 
widespread paradigm shift in science education where most 






Subjects in this study were selected and recruited 
from the California State University, San Bernardino 
Masters of Science Education Program and science content 
courses in the teacher credentialing program. All 
participants are credentialed teachers in the state of 
California and hold an Intern, Preliminary, or Clear 
Credential in science. They all teach within a 20 mile 
radius of California State University, San Bernardino.
General Teacher Background Information
Teachers were recruited in person to take the survey. 
Once they consented to be part of the study, the link to 
the survey was emailed to their personal email account. 
The participants could complete the questionnaire online at 
their leisure and then submit it through the website. This 
way, the participants could opt out at any time and none of 
their personal information could be obtained. Their email 
address was not attached to the returned survey, so there 
was no way to tell which survey was answered by a specific 
teacher, thus insuring their anonymity.
These teachers range in experience teaching from 
beginning teachers, to veteran teachers with more than 
sixteen years of classroom experience. They come from a 
variety of backgrounds with six bachelor degrees in 
biology, three in chemistry, one in biochemistry, three in 
kinesiology, one dual major physics and math, two in 
health, and two in history. There were also teachers that 
held advanced degrees; one Masters in biomechanics, one 
Masters in health, one Masters in science education and one 
Doctorate in chiropractic medicine. Although there is a 
range of degrees, the credentials are much narrower in 
scope: eleven biology credentials, four chemistry 
credentials, one physics credential, one health science 
supplementary credential, and two lifetime credentials 
meaning they can teach any subject. Of the surveyed 
teachers, three teach in the middle school and sixteen 
teach at the high school level.
Nineteen teachers participated in the study, twelve 
have science degrees and five demonstrated competency to 
obtain their credential through passing the California 
Subject Examinations for Teachers (CSET) or obtaining a 
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supplemental credential in science. To obtain a 
supplemental science credential, teachers must either have 
completed one of the following options: obtained their 
degree in the subject from an accredited college or 
university; earned twenty semester units in the subject 
from a combination of upper and lower division classes; or 
completed ten units in the subject from only upper division 
courses. Two teachers have lifetime teaching credentials, 
which mean they are credentialed to teach any subject at 
any level. Those two teachers were considered to be part 
of the Alternative Credentialing Method group because their 
degrees, history and health science, would not currently 
qualify to demonstrate competency for a science credential. 
There is not an even distribution of teachers with a 
science degree and those without.
Instrumentation and Data Collection
My survey was based on the 2000 National Survey of 
Science and Mathematics Education. The national survey 
consisted of a math portion and a science portion. I took 
questions from the Horizon Research, Inc. (HRI) Science 
Educator's Survey with permission (S. Smith, personal 
communication, May 8, 2008), specifically, questions 23,
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24, 25, and 27. These are the parts of the survey that 
most directly related to my study. These questions were 
designed to examine the teaching practices of teachers in 
science and were representative of both student centered 
and teacher centered strategies. After extensive piloting, 
HRI reviewed, field tested and revised these questions.
In the 2000 National Survey of Science and Mathematics 
Education 5,728 math and science teachers were surveyed. 
Their study included teachers from K-12 in the 50 states as 
well as the District of Columbia. Separate domains were 
used to ensure that higher level math and science teachers 
would be sufficiently represented in the survey.
Their survey was 'developed from earlier surveys that 
were administered by HRI in 1977, 1985-86, and 1993. Their 
project Advisory Panel was comprised of experienced 
researchers in science and mathematics education. The 
drafts of the survey were sent to professional 
organizations for review, such as the 'National Teacher's 
Association, National Council of Teachers of Mathematics, 
National Education Association, American Federation of 
Teachers and National Catholic Education Association. It 
was revised based on reviewer's suggestions, field tested 
and then revised again. This survey was intended to 
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identify trends in science and mathematics education such 
as teacher preparation in both content and pedagogy, use of 
textbooks and technology, and instructional techniques. 
HRI conducted Cronbach-Coefficient Alpha Reliability tests 
for all of the questions on the survey, placed into the 
following categories: nature of science/ mathematics 
objectives; science content objectives; use of traditional 
teaching practices; use of strategies to develop students' 
abilities to communicate ideas; use of informal assessment; 
use of journals/portfolios; use of laboratory activities; 
and use of projects/extended investigations. The 
reliability coefficients for these categories can be seen 
in Appendix A: Categories from the National Survey. I 
organized the questions into four different categories: 
standards based content objectives; nature of science 
objectives; teacher centered practices; and student 
centered practices.
Data Treatment Procedures
These questions were placed into categories by HRI 
based on the needs and queries of their study. I have used 
the same questions but as the means to a different end. My 
study was trying to establish a correlation between the 
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manner in which teachers demonstrated competency for their 
science credential and the manner in which they taught, 
whether they were more teacher or student centered. I 
developed four categories in total, two categories based on 
instructional strategies, Teacher Centered Practices and 
Student Centered Practices, and two categories based on 
teaching objectives, The Nature of Science and Standards 
Based Content. I chose these four categories to 
specifically look at the emphasis teachers place on 
particular objectives and instructional strategies.
I used the Cronbach-Alpha Reliability Coefficient to 
measure the reliability of the survey. Reliability is the 
measurement of "how well a set of variables or items 
measure a single, unidimensional latent construct" 
(Cronbach's alpha, 2008). The values for Cronbach-Alpha 
range between 0 and 1.0 with values in between. The 
standard threshold for reliability is .70, where anything 
lower than ,70 is not accepted as reliable. For example, a 
test with a reliability coefficient of .8 is 80% reliable 
and 20% unreliable.
In order to discuss the statistical significance and 
relationship between the variables, I also used a T test 
and Cohen's Effect Size. The T test is a statistical tool 
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used to determine if a relationship exists between two 
independent variables. In this case I tried to determine 
if the method of credentialing is related to the 
instructional strategies of the teacher. The T test 
quantifies relationships between data and compares the 
outcome to what the result should be for a null hypothesis, 
the idea that there is no relationship. For this study, 
the null hypothesis was that there would be no difference 
in the percentage of teachers that used student centered or 
teacher centered practices based on their method of 
credentialing.
Cohen's Effect Size, also known as Cohen's d, measures 
the strength of the relationship between two variables by 
comparing the means of the two groups. In this study, 
those two variables are the method of credentialing and the 
style of teaching. Cohen's d is a number between 0 and 1 
where an effect size of 0.2 to 0.3 would be considered a 
small effect; 0.5 to 0.7 would be a medium effect; and 0.8 
to 1.0 would be a large effect.
Cohen's d and the t value determine if a relationship 
exists and if so, the effect size of the relationship and 
its level of statistical significance in relation to the 





The survey for this study was comprised of four 
questions from the 2000 National Survey of Science and 
Mathematics Education. The survey was given to science 
teachers to determine if there was a relationship between 
the method of credentialing and the instructional 
strategies of the teacher. In order to determine if a 
relationship existed between these two variables, I used a 
T test and Cohen's Effect Size, also known as Cohen's d. 
The effect of the relationship was established using the 
effect size from Cohen's d. The statistical significance 
of the relationship was determined from the t value and 
compared to the critical t value. If the t value does not 
exceed the critical t value, the null hypothesis was 
retained.
Presentation and Discussion of the Findings
For the tests of statistical significance, the alpha 
(a) for this survey was set at 0.1 due to the small sample 
size of the study. The null hypothesis (Ho) meant that 
54
there was no difference in means between the two groups: Ho 
~ X^-Xi - 0. The alternative hypothesis (Hi) was that there 
would be a difference in means between the two groups: Hi =
X2 # 0. The null hypothesis was only rejected if 
statistically significant data showed a large enough 
effect, or difference, between the two groups in any 
category.
Group 1 (N=12) included the teachers that demonstrated 
competency for their science credential through coursework 
in their degree programs, they have their degree in the 
subject of the credential. Group 2 (N=7) included the 
teachers that demonstrated competency for their science 
credentials through alternative methods, e.g. passing the 
CSET, obtaining a supplemental credential through 
coursework, or by having a lifetime teaching credential.
The survey questions were placed into four different 
categories, two for objectives and two for instructional 
practices. The two categories of objectives were based on 
the amount of emphasis placed on certain objectives. The 
Likert scale progressed from 0 through 3, where 0 meant 'no 
emphasis' and 3 meant 'heavy emphasis.' The two categories 
for instructional practices were based on the amount of 
55
time each instructional practice was used in the classroom. 
The scale ranged from 0, meaning 'never used', to 4 meaning 
used in 'all or almost all' lessons.
The data were compared for the two population samples, 
degree teachers (N=12) and alternative teachers (N=7), 
within each category as well as for categories compared to 
other categories, e.g., objective vs. objective and 
instructional practice vs. instructional practice. For 
each category a Cronbach Alpha Reliability Coefficient was 
calculated. The means and standard deviations were also 
calculated for each population sample within the category. 
Based on the data for each individual sample, comparisons 
were made for the category, such as the means and standard 
deviations of each group of teachers within a category, the 
t value for statistical significance and Cohen's d for 
effect size.
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Table 1 - Standards Based Content Objectives
Question Number
Learn basic science concepts lb
Learn important terms and facts of science lc
Prepare for further study in science le
Prepare for standardized tests lk
Cronbach Alpha Reliability Coefficient 0.75
This category on the survey measured the amount of 
emphasis placed on standards based science content 
objectives; 0 meant 'no emphasis,' 1 meant 'minimal 
emphasis,' 2 meant 'moderate emphasis,' and 3 meant 'heavy 
emphasis.' The science content objectives were what the 
state standards deem to be important for science students 
to know. Group 1, the degree teachers, had a mean of 2.29 
(SD=0.38); a value closer to 'moderate' than to 'heavy' 
emphasis. Group 2, the alternative teachers, had a mean of 
1.96 (SD=0.6); a value closer to 'moderate' than to 
'minimal' emphasis. The degree teachers had a higher mean 
and a lower standard deviation from the mean, which 
indicated that the degree teachers were closer together, or 
in agreement, in their emphasis on standards-based content 
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objectives and that the alternative teachers had less 
agreement on their emphasis for these types of objectives.
A t test was conducted to determine if the means were 
statistically significantly different. The t value of 1.46 
exceeded the critical t value of 1.33 for these means and 
was statistically significant at the alpha 0.1 level (one 
tail). The t value (1.46) must exceed the critical t value 
(1.33) in order for the null hypothesis to be rejected. In 
this case the t value did exceed the critical t value; 
therefore the null hypothesis was rejected.
In addition to the test of statistical significance of 
the difference between the two samples in the Standards 
Based Science Content Objectives category, one other test 
was performed to determine the effect size of the 
difference. For this category, the Cohen's d value = 0.65 
which was measured against a scale of 0.2 being small 
effect, 0.5 medium effect, and 0.8 large effect. There was 
a medium effect size for the relationship between groups of 
teachers and their emphasis on standards based science 
content objectives.
Degree teachers and alternative teachers had a 
statistically significant difference in the amount of 
emphasis placed on standards based science content 
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objectives; degree teachers placed more emphasis on the 
science content standards than alternative teachers did. 
This means that degree teachers placed a greater importance 
on teaching basic science concepts and terms than teachers 
with an alternative means of demonstrating science 
competency for their science teaching credential. The same 
was also true for nature of science objectives, although to 
a lesser extent.
Table 2 - Nature of Science Objectives
Question Number
Increase students' interest in science la
Learn science process/inquiry skills Id
Learn to evaluate arguments based on scientific 
evidence If
Learn how to communicate ideas in science 
effectively lg
Learn about applications of science in business 
and industry lh
Learn about the relationship between science, 
technology, and society li
Learn about the history and nature of science lj
Cronbach Alpha Reliability Coefficient 0.88
59
The Nature of Science Objectives category emphasized 
science process and laboratory investigations. The mean 
score for group 1 on the survey was 1.8 (SD=0.56), meaning 
that the degree teachers were closer to moderate emphasis 
of the nature of science in their classrooms without much 
difference in opinion. The mean score for group 2, was 
1.49 (SD=0.91) which was split between minimal emphasis and 
moderate emphasis. The alternative teachers had a higher 
standard deviation than the degree teachers, meaning there 
was less agreement in the amount of emphasis placed on this 
type of classroom objective. In contrast, degree teachers 
answered very similarly to each other, indicating a 
tendency toward similar beliefs about the amount of 
emphasis toward nature of science obj ectives necessary.
Although there was a difference in the means of these 
two groups, the t value of 0.92 did not exceed the critical 
t value of 1.33 for these means and was not statistically 
significant at the alpha 0.1 level (one tail) therefore the 
null hypothesis was not rejected. There was no 
statistically significant difference between the two groups 
of teachers for nature of science objectives, but there was 
an effect size.
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For the Nature of Science Objectives category, the 
Cohen's d value of 0.41 was between a small and medium 
effect, meaning that there was a small difference between 
the two groups, however that difference was not 
statistically significant enough to reject the null 
hypothesis.
The degree teachers were closer together in terms of 
standard deviations from the mean than the alternative 
teachers. There was more agreement among degree teachers 
about the near moderate amount of emphasis they placed on 
nature of science. In contrast, even though the 
alternative teachers had a mean close to the degree 
teachers' mean, their standard deviation was much higher, 
meaning that alternative teachers did not agree about how 
much emphasis should be placed on nature of science. This 
had an effect on the instructional practices of each group, 
whether they were more inclined to employ teacher-centered 
or student-centered strategies.
The two categories for instructional strategies were 
based on the amount of time an instructional strategy was 
used in the classroom. Teachers were asked to rate the 
amount of classroom time spent on a particular strategy 
using a five point Likert scale where 0 meant the strategy 
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was 'never used'; 1 meant the strategy was 'rarely used'(a 
few times per year); 2 meant the strategy was used 
'sometimes' (once or twice per month); 3 meant that the 
strategy was used 'often' (once or twice per week); and 4 
meant that the strategy was used in 'all or almost all' 
science lessons.
The Teacher Centered Practices category concentrated 
on instructional strategies that focus on how the teacher 
presents the science content, whether it is through 
lectures, worksheets, step by step laboratory experiences, 
or bookwork. This category was not interested in whether 
or not students learn the material, but how it is presented 
to them by the teacher.
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Table 3 - Teacher Centered Practices
Question Number
Introduce content through formal presentations 2a
Ask students to explain concepts to one another 2e
Assign science homework 2i
Read and comment on the reflections students 
have written, e.g., in their journals 2j
Listen and take notes during a presentation by 
teacher 3a
Watch a science demonstration 3b
Work in groups 3c
Read from a science textbook in class 3d
Do hands on/laboratory science activities or 
investigations 3f
Follow specific instructions in an activity or 
investigation 3g
Answer textbook or worksheet questions 3j
Prepare written science reports 3m
Observe students and ask question as they work 
individually 4b
Observe students and ask questions as they work 
in small groups 4c
Ask students questions during large group 
discussions 4d
Use assessments embedded in class activities to 
see if students are "getting it" 4e
Review student homework 4f
Review student notebooks/journals 4g
Have students present their work to the class 4j
Give predominantly short answer tests (e.g., 
multiple choice, true/false, fill in the blank) 4k
Cronbach Alpha Reliability Coefficient 0.72
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The degree teachers measured their use of teacher 
centered practices on the Likert scale as between 
'sometimes' and 'often' with a mean score of 2.37 
(SD=0.35); whereas the alternative teachers were much 
closer to 'sometimes' with a mean score of 2.13 (SD=0.48). 
The degree teachers also had a smaller standard deviation, 
meaning more agreement among the amount of time devoted to 
these practices.
For the Nature of Science Objectives category the 
Cohen's d had a value of 0.57, which indicated a medium 
effect. There was a difference between these two groups of 
teachers, however that difference was not statistically 
significant. Although the t value of 1.26 did not exceed 
the critical t value of 1.33, the two values were very 
close supporting the medium effect size. However, the null 
hypothesis was not rejected due to the t value.
Teacher centered practices are used most often during 
direct instruction. All teachers, whether they use more 
teacher or student centered methods, will use direct 
instruction at some point during the school year, thus 
explaining the higher results in both groups of teachers 
for this category. Student centered practices, however, 
are not necessarily used by all teachers.
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Table 4 - Student Centered Practices
Question Number
Pose open-ended questions 2b
Require students to supply evidence to support 
their claims 2d
Ask students to consider alternative 
explanations 2f
Allow students to work at their own pace 2g
Help students see connections between science 
and other disciplines 2h
Read other (non-textbook) science-related 
materials in class 3e
Design or implement their own investigation 3h
Participate in field work 3i
Record, represent, and/or analyze data 3k
Make formal presentations to the rest of the 
class 3n
Work on extended science investigations or 
projects (a week or more in durations) 3o
Use computers as a tool (e.g., spreadsheets, 
data analysis) 3p
Use mathematics as a tool in problem-solving 3q
Take science-related field trips 3r
Conduct a pre-assessment to determine what 
students already know 4a
Review student portfolios 4h
Have students do long-term science projects 4i
Give tests requiring open-ended responses (e.g., 
descriptions, explanations) 41
Grade student work on open-ended and/or 
laboratory tasks using defined criteria 4m
Have students assess each other (peer 
evaluation) 4n
Cronbach Alpha Reliability Coefficient 0.91
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The results for the Student Centered Practices 
category had means closer together, but a larger difference 
in the standard deviations between the two groups of 
teachers. The mean score for group 1 on the survey was 
1.71 (SD=0.39) and the mean score for group 2, was 1.55 
(SD=0.99). Degree teachers did not vary much from the 
mean, whereas alternative teachers had a standard deviation 
of 0.99 meaning that the teachers varied considerably in 
their answers.
The null hypothesis was retained for this category due 
to the small effect size, having a value of 0.22, and the t 
value of 0.51, which did not exceed the critical t value of 
1.33 for these means and was not statistically significant 
at the alpha 0.1 level (one tail). Not only was there a 
small difference in the means of the groups, but the effect 
size was extremely small. Degree and alternative teachers 
have a negligible difference in their use of student 
centered practices.
Conclusion
When compared to a different population of teachers, 
obvious differences in the beliefs and practices of each 
group of teachers emerged. Degree teachers tended to have 
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higher means than the alternative teachers in all 
categories and smaller standard deviations. Degree 
teachers tended to rate their emphasis of objectives and 
use of instructional practices in very similar ways. 
Alternative teachers had lower means and much larger 
standard deviations, representing a much more varied set of 
beliefs about objectives and instructional practices.
Although there were differences in each category three 
out of the four categories did not have a statistically 
significant enough difference to reject the null 
hypothesis. The only category that rejected the null 
hypothesis was Standards Based Science Content Objectives. 
In that case there was a statistically significant 
difference between the two groups of teachers.
If this survey were given to a different sample of 
degree and alternative teachers the results would be 
expected to be very similar, with 95% confidence. The 
means would be expected to fall within a certain range of 
values, just as the means for each group and category did 
for this study. The confidence intervals for each category 
and sample group can be seen in Table 5.
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2.05 - 2.53 1.4 - 2.52
Nature of
Science Obj ectives 1.44 - 2.16 0.65 - 2.33
Teacher Centered
Practices 2.14 - 2.6 1.68 - 2.58
Student Centered
Practices 1.46 - 1.96 0.63 - 2.47
The degree teachers had a much smaller confidence 
interval than the alternative teachers, meaning most degree 
teachers would fit into this model. Alternative teachers 
had a wider confidence interval meaning that they did not 
fit the model as easily; there was more variation in their 
answers. Degree teachers would answer in very similar ways 
to how this sample did, and alternative teachers, although 






Based on the data in this study, only one category had 
a statistically significant difference between the two 
sample populations; degree teachers and teachers who 
demonstrated science content knowledge competency in an 
alternative method. There was no statistically significant 
difference between the samples in any of the other three 
categories. Overall there was no relationship between the 
beliefs or instructional practices of a teacher and the 
method by which they obtained their teaching credential.
Conclusions
There are many different paths a teacher could follow 
to obtain a science teaching credential, and just as many 
ways to demonstrate science content knowledge competency. 
Although there was no overall relationship between the 
beliefs and practices of a degree or alternative teacher, 
there was one exception: the emphasis placed on standards 
based science content objectives. Degree teachers tended 
to emphasize specific content facts and vocabulary to a 
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greater degree than alternative teachers did. There was 
also much more agreement among degree teachers as to how 
much emphasis should be placed on these specific content 
facts. Alternative teachers tended to have more variance 
among their answers, although for the most part they did 
score very low for the amount of emphasis placed on content 
facts.
Degree teachers demonstrated their content knowledge 
through coursework within their science degrees, however 
that did not make much of a difference when it came to 
being more student or teacher centered. Degree teachers 
did, however, score higher on both the teacher centered and 
student centered portions of the survey. This indicated 
that they employ different instructional techniques more 
often than the alternative teachers who scored low across 
all categories. Alternative teachers did not report using 
any of the methods in the survey very often, leaving the 
question, what strategies do they use?
Not all of the alternative teachers scored near the 
mean, causing the large standard deviations. There were 
two that stood out as having vastly different scores from 
the rest of the sample. This was also true for the degree 
teachers. Not all of the teachers had scores that were 
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perfectly near the mean; however alternative teachers had 
much more extreme scores. While degree teachers with 
extreme scores tended to be only slightly more teacher 
centered or student centered, alternative teachers with 
extreme scores were much more polarized in their responses. 
While the four categories of teachers discussed earlier 
(teacher centered degree teachers; student centered degree 
teachers; teacher centered alternative teachers; and 
student centered alternative teachers) do exist, there is 
no relationship between their method of credentialing and 
style of teaching.
Recommendations and Limitations
With the many educational and personal experiences 
teachers have influencing their instructional decisions; it 
is not possible to draw a relationship from one facet of 
their educational experience. This study suggests that the 
method of credentialing is not substantial enough to have a 
widespread impact on a teacher's instructional strategies 
and beliefs. Further research is required to determine how 
a teacher arrives at a specific set of beliefs and 
instructional strategies. Such research should include an 
examination of participation in inquiry at the high school 
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and university level, teacher preparation courses, 
availability of resources to do inquiry and individual 
professional development courses. Examining more than one 
aspect of a background would provide the most beneficial 
results as many different experiences may influence the 
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Learn basic science concepts Q23b
Learn important terms and facts of science Q23c
Learn science process/inquiry skills Q23d
Prepare for further study in science Q23e
Number of Items in Composite 4
Reliability (Cronbach's Coefficient Alpha) 0.60
Use of Traditional Teaching Practices
Science
Introduce content through formal presentations Q24a
Assign science homework Q24i
Listen and take notes during a presentation by 
teacher Q25a
Read from a science textbook in class Q25d
Answer textbook or worksheet questions Q25j
Review student homework Q27f
Give predominantly short answer tests (e.g., multiple 
choice, true/false, fill in the blank) Q27k
Number of Items in Composite 7
Reliability (Cronbach's Coefficient Alpha) 0.78
Nature of Science/Mathematics Objectives
Science
Evaluate arguments based on scientific evidence Q23f
Learn about the history and nature of science Q23j
Learn how to communicate in science effectively Q23g
Learn about applications of science in business and 
industry Q23h
Learn about the relationship between science, 
technology, and society Q23i
Number of Items in Composite 5
Reliability (Cronbach's Coefficient Alpha) 0.84
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Use of Strategies to Develop Students' 
Abilities to Communicate
Science
Pose open-ended questions Q24b
Engage the whole class in discussions Q24c
Require students to supply evidence to support their 
claims Q24d
Ask students to explain concepts to one another Q24e
Ask students to consider alternative explanations Q24f
Help students see connections between science and 
other disciplines Q24h
Number of Items in Composite 5
Reliability (Cronbach's Coefficient Alpha) 0.84
Use of Informal Assessment
Science
Observe students and ask questions as they work 
individually Q27b
Observe students and ask questions as they work in 
small groups Q27c
Ask students questions during large group discussions Q27d
Use assessments embedded in class activities to see 
if students are "getting it" Q27e
Number of Items in Composite 4
Reliability (Cronbach's Coefficient Alpha) 0.79
Use of Journals/Portfolios
Science
Read and comment on the reflections students have 
written, e.g., in their journals Q24j
Write reflections (e.g., in a journal) Q251
Review student notebooks/journals Q27g
Review student portfolios Q27h
Number of Items in Composite 4
Reliability (Cronbach's Coefficient Alpha) 0.82
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Use of Laboratory Activities
Science
Work in groups Q25c
Do hands on/laboratory science activities or 
investigations Q25f
Follow specific instructions in an activity or 
investigation Q25g
Record, represent, and/or analyze data Q25k
Number of Items in Composite 4
Reliability (Cronbach's Coefficient Alpha) 0.80
Use of Projects/Extended Investigations
Science
Design or implement their own investigation Q25h
Participate in field work Q25i
Prepare written science reports Q25m
Make formal presentations to the rest of the class Q25n
Work on extended science investigations or 
projects(a week or more in durations) Q25o
Have students do long-term science projects Q27i
Have students present their work to the class Q27j
Grade student work on open-ended and/or laboratory 
tasks using defined criteria Q27m
Have students assess each other (peer evaluation) Q27n
Number of Items in Composite 9
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Teacher Information and Background
How many years, including this year, have you taught science at the secondary level?
0 1-2 years Q 3-5 years O 6-10 years 0 11-15 years 0 16+years
Please indicate the subject(s) for each of your degrees. Choose all that apply.
Bachelors Masters Doctorate
Biology/ Life Science r C c
Chemistry □ p 1—
Earth/Space Science n n r
Physics n □ 0
Health Science 0 0 r
Science Education (any science discipline) r. □ r
Other, please specify: r c r
Which credential do you have?
OLifetime Credential QRyan Credential 0SB 2042 0Other, please specify:
How did you demonstrate competancy for your credential?
QScience Degree QPassed the CSET (I have a science degree.) 0 Passed the CSET (I do not have a science degree.)
0 Supplemental 0Other, please specify:
Which of the following credential(s) do you have?
(“Biology/Life Science 0 Chemistry 0 Physics 0 Earth and Planetary Science 0 Health Science
0 Other, please specify:
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Which of the following subjects do you currently teach?
[j6th grade Earth Science
□7th grade Biology 









Think about your plans for your classes for the entire course. How much emphasis will each of the following 
student objectives receive? (Choose one per line.)
j. Learn about the history and nature of science COO G












b. Learn basic.science concepts o. C 0 G
c. Learn important terms and facts of science 0 0 0 0
d. Learn science process/inquiry skills G G 0 G
e. Prepare for further study in science G G 0 G
f. Learn to evaluate arguments based on 
scientific evidence 0 G 0 G
g. Learn how to communicate ideas in 
science effectively 0 G 0 0
h. Learn about applications of science in p -
business and industry *J ~
i. Learn about the relationship between 
science, technology, and society 0 0 0 0
k. Prepare for standardized tests C G 0 G
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About how often do you do each of the following in your science instruction? {Choose one per line.)
a. Introduce content through 
formal presentations
Rarely (a Often (once 
or twice a 
week)
c










or twice a month)
G
b. Pose open-ended questions G 0 C 0 Q
c. Engage the whole class in 
discussions 0 0 G C 0
d. Require students to supply 
evidence to support their claims G 0 C c 0
e. Ask students to explain 
concepts to one another 0 0 G c 0
f. Ask students to consider 
alternative explanations
g. Allow students to work at their r
own pace ■ ' ■'
h. Help students see connections 
between science and other 0 0 C 0 0
disciplines
i. Assign science homework 0 G 0 0 0
j. Read and comment on the 
reflections students have written, 
e.g., in their journals
G 0 0 c 0
About how often do students in your classes take part in the following types of activities? (Choose 
one per line.)
Never
a. Listen and take notes during 






or twice a month)
0
Often (once 
or twice a 
week)
0




b. Watch a science demonstration Q G 0 0 0
c. Work in groups Q G 0 G G
d. Read from a science textbook ~
in class G 0 G 0
e. Read other (non-textbook) ~
science-related materials in class G G G 0
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About how often do students in your classes take part In the following types of activities? (Choose 
one per line,)
Rarely (a Often (once In all or
few times Sometimes (once or twice a almost all
Never per year) or twice a month) week) lessons
f. Do hands on/laboratory science 
activities or investigations C 0 C 0 0
g. Follow specific instructions in 
an activity or investigation g G 0 0 o
h. Design or implement their own 
investigation 0 c G 0 G
i. Participate in field work 0 C 0 0 0
j. Answer textbook or worksheet 
questions 0 0 0 0 0
k. Record, represent, and/or 
analyze data 0 G G 0 0
1. Write reflections (e.g., in a 
journal) c 0 0 0 0
m. Prepare written science reports G G 0 0 0
n. Make formal presentations to 
the rest of the class 0 0 0 0 0
o. Work on extended science 
investigations or projects (a week 
or more induration)
c G 0 0 0
p. Use computers as a tool (e.g., 
spreadsheets, data analysis) G G o 0 0
q. Use mathematics as a tool in 
problem-solving G G c 0 0
r. Take science-related field trips 0 0 0 0 0
s. Watch audiovisual
presentations (e.g., videotapes, ~ p « p
CD-ROMs, videodiscs, television
programs, films, or filmstrips)
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How often do you assess student progress in science in each of the following ways? (Choose one 
per line.)
a. Conduct a pre-assessment to 









or twice a month)
G
Often (once 
or twice a 
week)
G




b. Observe students and ask 
questions as they work 
individually. c 0 0 0 0
c. Observe students and ask 
questions as they work in small 
groups.
0 0 G 0. 0
d. Ask students questions during p p p p p
large group discussions. ' z
e. Use assessments embedded in 
class activities to see if students 
are "getting it."
G 0 G o G
f. Review student homework. 0 0 G 0 G
g. Review student notebooks/ 
journals. C G 0 G 0
h. Review student portfolios. e 0 0 G G
i. Have students do long-term p p p p p
science projects. ,z '
j. Have students present their q q p p. p
work to the class.
k. Give predominantly short­
answer tests (e.g., multiple 
choice, true/false, fill in the blank).
C G 0 0 0
1. Give tests requiring open-ended 
responses (e.g., descriptions, 
explanations).
G 0 0 0 Q
m. Grade student work on open- 
ended and/or laboratory tasks 
using defined criteria (e.g., a 
scoring rubric).
C o G G 0
n. Have students assess each p p p p p
other (peer evaluation). ''
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